ABSTRACT Parasitoid assemblages associated with Phyllonorycter spp. leafminers (Lepidoptera: Gracillariidae) were examined on six deciduous oak species (Quercus, Fagaceae) in Japan to understand how host leafminers, host food plants, and geographic location inßuence the structure and function of parasitoid assemblages. The parasitoid assemblages on Þve of the six oak species showed similar species richness (18 Ð20 spp.), regardless of the number of host leafminer species and the abundance of hosts. Species composition was inßuenced by geographic location as well as host food oaks, and to a lesser extent by the leafminers. The assemblages varied in guild structure but showed nearly equal ratios of koinobiont/idiobiont species. The ratio was almost the same as that in Great Britain. These results suggest that the well-known argument that parasitoid communities are mostly inßuenced by host food plants is not universal, and that parasitoid assemblages may be organized with a balance between numbers of koinobiont and idiobiont species regardless of species richness, species composition, or geographic location. Total rate of parasitism did not correlate with the number of parasitoid species or the evenness of the assemblage. This implies that the hostÐparasitoid system is not under top-down control.
PARASITOID ASSEMBLAGES OF insects feeding on plants have received much attention as a model system to understand how community is structured or controlled. For instance, total species richness, assemblage size (i.e., the number of parasitoid species per host species), species composition, and guild structure have been studied in relationship to host feeding niche, host taxonomic relationship, host food plant architecture, host food plant taxonomic isolation, climate, habitat type, and sample size (Hawkins and Gagné 1989 , Hawkins et al. 1990 , Hawkins 1994 , Mills 1994 , Sheehan 1994 , Dawah et al. 1995 , Godfray et al. 1995 , Sato 1995 , Hawkins and Mills 1996 , Porter and Hawkins 1998 , Mü ller et al. 1999 , Salvo and Valladares 1999 , Rott and Godfray 2000 , Tscharntke et al. 2001 ). In addition, general patterns of community structure or organization have been analyzed by comparing parasitoid fauna on different host insects, on different host food plants, or from different biogeographic areas (Hawkins and Gagné 1989 , Hawkins et al. 1990 , Hawkins 1994 , Hawkins and Mills 1996 . In this article, we examine the parasitoid assemblages associated with one genus of host leafminers on one genus of host food trees at three locations in Japan to understand how host food plants, hosts, and geographic location inßuence the structure and function of parasitoid assemblages.
Assemblages of parasitoids that attack Phyllonorycter spp. leafminers (Lepidoptera: Gracillariidae) have been studied intensively in Great Britain by Askew and Shaw (1974, 1986) , Shaw and Askew (1976) , Godfray et al. (1995) , and Rott and Godfray (2000) . Sato (1995) also investigated such assemblages on four of the six Japanese deciduous oaks: Quercus dentata Thunberg, Quercus crispula Blume (referred as Quercus mongolica Fisher therein), Quercus acutissima Carruthers, and Quercus variabilis Blume). Here we add data of parasitoid assemblages on the other two Japanese deciduous oaks (Quercus serrata Murray and Quercus aliena Blume) and reanalyze the structure and organization of the assemblages. We address the following questions: Are parasitoid species richness and evenness inßuenced by the number of host species and the abundance of hosts? Are similarities in species and guild compositions inßuenced by host leafminers, host food-oaks and geographic location? Do parasitism rates correlate with parasitoid diversity?
Materials and Methods
Deciduous Oaks in Japan. Six deciduous oak species (Quercus, Fagaceae) are known from Japan. Q. dentata, Q. crispula, Q. serrata, Q. aliena, Q. acutissima, and Q. variabilis . The Þrst four belong to the section Prinus and the last two to the section Cerris.
Sampling and Rearing Leafminers and Parasitoids from Q. serrata and Q. aliena. Quantitative sampling of mines of Phyllonorycter spp. from oaks was done in two forests: a forest at the Yata Hills, Nara (elevation, 270 m; 34Њ40ЈN, 135Њ43ЈE), and a forest at the bank of Etchi River, Hikone (elevation, 100 m; 35Њ12ЈN, 136Њ08ЈE) (Fig. 1) . The forest at Yata is dominated by the three deciduous oaks Q. serrata, Q. acutissima, and Q. variabilis; and the forest at Hikone is almost composed of a single oak species, Q. aliena. At Yata, 500 leaves were sampled randomly from Q. serrata trees at Ϸ10-d intervals from mid-May to late October in 1991 and 1992. At Hikone, 1,000 leaves were sampled randomly from Q. aliena trees at Ϸ10-d intervals from early May to mid-November in 1998. In addition, supplementary sampling was carried out at the same sites to obtain more information about leafminer and parasitoid fauna in these areas.
All mines of Phyllonorycter spp. on sampled leaves were collected and individually placed in plastic cases. Mines of the summer generation were kept under room conditions. For the autumn generation, Phyllonorycter larvae were allowed to grow to prepupae under room conditions and then were kept in an incubator at 5ЊC. In spring, they were transferred to room conditions. Species of leafminers and parasitoids were identiÞed by adults emerging from these rearings. For Phyllonorycter, pupal cremasters (i.e., the apex of the last segment of the abdomen) were also used for species identiÞcation (cf. Fujihara et al. 2001) .
Leaf-mining larvae were often dead within or absent from mines because of predation or unknown causes. In addition, exuviae of parasitoids were sometimes observed within mines. These mines were excluded from the analyses.
Voucher specimens of the species reported here were deposited in Department of Insect Science, Faculty of Agriculture, Kobe University (braconid wasps) and Department of Systematic Entomology, Faculty of Agriculture, Hokkaido University (other wasps and Phyllonorycter leafminers).
Parasitoid Guilds. Parasitoid species were classiÞed into Þve guilds on the basis of the mode of parasitism (i.e., koinobiont or idiobiont) and host stages attacked and/or killed (Sato 1995) : guild A, eggÐprepupal koinobionts; guild B, larvalÐprepupal koinobionts; guild C, early-/mid-larval idiobionts; guild D, mid-/late-larval idiobionts; guild E, late-larval/pupal idiobionts. Whether a parasitoid was a koinobiont or an idiobiont was conÞrmed by whether or not the mine grew into the next instar during rearing; for details, see Sato (1995) .
Very few hosts were hyperparasitized. They were treated as those killed not by primary parasitoids but by secondary parasitoids because the latter facultatively parasitized the former.
Data of Parasitoid Assemblages on the Other Oaks. We also used previous data of parasitoid assemblages on Q. dentata and Q. crispula at the Ishikari Coast (northern Japan; Fig. 1 ) and Q. acutissima and Q. variabilis at the Yata Hills. These data were obtained by the same quantitative sampling as mentioned above. In addition, we used data obtained by occasional sampling during 1983Ð1997.
Evenness Index. To determine the evenness of the numbers of individuals of different species in a parasitoid assemblage, we calculated E var according to the following equation.
where S is the number of species in the sample, and x i and x j are the abundances of the ith and jth species, respectively. This index is particularly robust with respect to species richness and is equally sensitive to minor and abundant species in the assemblage (Smith and Wilson 1996) .
Statistical Analyses. A similarity dendrogram of Phyllonorycter assemblages was drawn by a cluster analysis using the presence or absence of different species as the classifying variables, JaccardÕs coefÞ-cient as the similarity metric and the nearest neighbor method as the linkage clustering. However, similarity dendrograms of parasitoid assemblages were constructed on the basis of a combination of quantitative and supplementary sampling data and quantitative sampling data alone. In the former case, we used the same clustering methods as that of Phyllonorycter assemblages mentioned previously. In the latter case, we used arcsine-transformed proportions of leafminers killed by each parasitoid species or guild as the clustering variables, Euclidean distance as the similarity metric, and the unweighted pair group method with arithmetic average (UPGMA) as the linkage clustering.
All statistical analyses were made using SPSS 7.5 (SPSS 1997).
Results
Host Leafminer and Parasitoid Assemblages on Q. serrata and Q. aliena. Q. serrata harbored seven Phyllonorycter spp. (Table 1 ). Six were common to Q. crispula. In contrast, Q. aliena supported only one species, Phyllonorycter acutissimae (Kumata) . This leafminer has the widest host plant range among the Phyllonorycter spp. observed in this study; it feeds on all of deciduous oaks except for Q. dentata (Table 1) .
We obtained 5 and 11 parasitoid species by quantitative sampling from Q. serrata at the Yata Hills and Q. aliena at Hikone, respectively. Moreover, 14 species were added to parasitoid fauna on Q. serrata according to supplementary sampling, but no species was added on Q. aliena (Appendix 1). As a result, 19 and 11 parasitoid species were associated with Phyllonorycter leafminers on Q. serrata and Q. aliena, respectively. On Q. aliena, the dominant species was Neochrysocharis formosa (Westwood), followed by Sympiesis laevifrons Kamijo, Pholetesor laetus (Marshall), and Cirrospilus lyncus Walker (Fig. 2) . The most dominant guild was guild C, followed by guild D (cf. Fig. 5 ). No parasitoid of guild A was recorded. On Q. serrata, the abundance of parasitoid species was unclear because the number of parasitoids obtained was small in the quantitative sampling: only nine and six parasitoids were obtained in 1991 and 1992, respectively.
Comparison of Host Leafminer Assemblages among Oaks. A total of 13 Phyllonorycter species have been recorded so far from six Japanese deciduous oaks (Kumata 1963a (Kumata , 1963b (Kumata 1982 (Kumata , 1986 Kuroko 1982; Fujihara et al. 2001 ; Table 1 ). Phyllonorycter pygmaea (Kumata) was newly recorded from Q. acutissima by this survey. However, Phyllonorycter nigristella (Kumata) , which has been recorded from Q. dentata and Q. serrata (Kumata 1963a) , was not collected. This species is excluded from the analyses. All of them are lower-side leafminers.
The numbers of Phyllonorycter spp. varied among the oaks, ranging from one to seven (Table 1 ). The similarity dendrogram of the Phyllonorycter assemblages is shown in Fig. 3A . At a similarity level of 0.5, Q. acutissima and Q. variabilis of the section Cerris cluster together; and Q. crispula and Q. serrata of the section Prinus form a cluster. Q. dentata was unique in Phyllonorycter fauna; it harbors only two species, Phyllonorycter persimilis Fujihara, Sato & Kumata and Phyllonorycter leucocorona (Kumata) , which are not observed on the other oaks. No cluster is formed according to the sampling location.
Comparison of Parasitoid Assemblages. We collected 38 parasitoid species by quantitative and supplementary sampling of Phyllonorycter leafminers from the six oaks (Appendix 1). The numbers of parasitoid species on Q. dentata, Q. crispula, Q. serrata, Q. 
cf. Kumata (1963a Kumata ( , 1963b Kumata ( , 1982 Kumata ( , 1986 , Kuroko (1982) , and Fujihara et al. (2001) .
a Abbreviations for Quercus species, see the caption of Fig. 1 . b Referred as P. similis in Sato (1990) and P. nipponicella in Sato (1995) .
c First record by this study. d Because no P. nigristella was collected in this survey, this species was excluded from the analyses.
Fig. 2.
Relative abundances of parasitoids on Q. aliena at Hikone. Percentage represents the proportion of leafminers killed by a given parasitoid species. Guild A, eggÐprepupal koinobionts; guild B, larvalÐprepupal koinobionts; guild C, early-/mid-larval idiobionts; guild D, mid-/late-larval idiobionts; guild E, late-larval/pupal idiobionts.
acutissima, and Q. variabilis were nearly equal (18 Ð 20), whereas that on Q. aliena was relatively small (11). The correlation between the number of parasitoid species and the number of host leafminer species was relatively high but insigniÞcant (r ϭ 0.686, P ϭ 0.132). The number of parasitoid species was independent of the sample size represented by the number of hosts reared and the number of parasitized hosts reared (Fig. 4) .
Two similarity dendrograms of parasitoid assemblages were constructed on the basis of a combination of quantitative and supplementary sampling data (Fig.  3B ) and quantitative sampling data alone (Fig. 3C) . In the latter analysis, Q. serrata was excluded because the sample size was small. The two dendrograms are nearly identical in clustering pattern. The pattern is independent of the taxonomy of the oaks, distinctly differing from that of the leafminer dendrogram (Fig. 3A) . Parasitoid assemblages are, however, classiÞed into three clusters according to the geographic location, Ishikari, the Yata Hills, and Hikone, at distances of 0.5 in the combined data set (Fig. 3B) and 55 in the analysis with quantitative sampling data (Fig. 3C) .
The parasitoid assemblages showed similar guild compositions at the species level (Table 2) . In each assemblage, guild C was largest, followed by guilds B and D; guilds A and E were small. Furthermore, the koinobiont/idiobiont species ratio was nearly equal among these assemblages: proportions of idiobiont species ranged from 61.1 to 72.7% with a mean of 66.7% ( cal 2 ϭ 0.834, d.f. ϭ 5, P ϭ 0.975). The parasitoid assemblages, however, varied in the guild structure at the abundance level (Fig. 5 , bottom). A similarity dendrogram was also constructed on the basis of relative abundance of each guild (Fig.  5, top) . The topology of this dendrogram obviously differs from those of dendrograms based on leafminer species compositions (Fig. 3A) and parasitoid species compositions ( Fig. 3B and 3C) . Three clusters at a distance of 35 in Fig. 5 reßect neither the taxonomy of the oaks nor geographic location. The data for Q. dentata in 1985 and 1986 belong to different clusters. This is partly attributable to great differences in the abundances of Cirrospilus lyncus and Pnigalio sp. A of guild C between the 2 yr (Sato 1995) .
Relationships Among Parasitoid Diversity, Host Abundance, and Rate of Parasitism. In this analysis, Q. serrata was excluded because the sample size was small. The diversity of the parasitoid assemblages measured by the evenness index, E var , had no relationship to the number of host Phyllonorycter spp. (Fig. 6A) or the abundance of the hosts (Fig. 6B) . Total rate of parasitism was independent of the number of parasitoid species (Fig. 7A) , host leafminer abundance (Fig.  7B ) and E var (Fig. 7C) .
Discussion
Species Richness. A number of factors have been suggested to affect species richness of parasitoid communities; for example, host feeding niche, host species richness, host abundance, host taxonomic isolation, hostÕs geographic range, and/or host food plant architecture (Askew and Shaw 1986 , Hawkins and Lawton 1987 , Hawkins 1994 , Hawkins and Sheehan 1994 , Mills 1994 , Sheehan 1994 , Dawah et al. 1995 . It has been also indicated that species richness sometimes depends on sample size (Askew and Shaw 1974 , Shaw and Askew 1976 , Hawkins 1994 , Memmott et al. 1994 , Dawah et al. 1995 , Godfray et al. 1995 , Salvo and Valladares 1999 , Rott and Godfray 2000 . In this study, however, species richness in the parasitoid assemblages associated with Phyllonorycter spp. that mine oak leaves was independent of the number of host species and the abundance of hosts. In addition, the effects of host feeding niche, host taxonomic isolation, hostÕs geographic range and host food plant architecture can be neglected in our study system because parasitoid assemblages studied here were associated with one genus of leafminers feeding on one genus of host food-trees. Furthermore, sample size had little effect on the number of species. Thus, the ecological process for determination of species richness in the present system remains unclear. Nevertheless, the smallest number of parasitoid species on Q. aliena might be explained ad hoc by a combination of some of the ecological factors mentioned. Q. aliena harbors only one Phyllonorycter sp., the density of which is lower on Q. aliena than that of the Phyllonorycter spp. on the other oaks. The poor species richness and sparsity of hosts might cause the lower species richness of parasitoids on Q. aliena.
Species Composition. Askew and Shaw (1974, 1986; Askew 1994) have argued that parasitoid communities associated with Phyllonorycter leafminers were strongly affected by host plants in Europe. In this study, host leafminers and geographic location appear to have effects as well as host food oaks. The relative importance of the three factors is, however, likely to differ in different assemblages. The host food oaks appear to be more important in the parasitoid assemblages on Q. aliena, Q. dentata, and Q. crispula than host leafminers or geographic location, although their importance cannot be easily judged in those on Q. acutissima and Q. variabilis. Geographic location, however, may contribute largely to that on Q. serrata.
Q. aliena is fed by only one leafminer species, P. acutissimae. This leafminer is also observed on the other oaks except for Q. dentata (Table 1) , but the dominant wasp on Q. aliena, N. formosa, rarely occurs on the other oaks (Appendix 1). This suggests that the dominance of N. formosa is linked to the oak rather than the leafminers. However, Q. dentata is attacked by the two speciÞc leafminers, P. persimilis and P. leucocorona. The parasitoid assemblage on Q. dentata, however showed a similarity to the assemblage on Q. crispula of the same section, Prinus. The taxonomic alliance of the two oaks is likely to be a reason for the similarity of the parasitoid assemblages. Although in this article, we give only the assemblages observed in Ishikari for the two oaks, geographic effect seems to be less important. Our intensive sampling from Q. crispula at a montane region (Ͼ1000 m in altitude) in Nara added only four species [Elachertus inunctus Nees, Mischotetrastichus petiolatus (Erdö s), Pediobius alcaeus (Walker) and Achrysocharoides sp. C.] to the species lists in Ishikari (HS, unpublished data). This allows us to predict that parasitoid assemblages on the same host food plants do not so much vary geographically.
The parasitoid assemblages on Q. acutissima and Q. variabilis resemble each other. These two oaks belong to the section Cerris and have similar compositions of leafminer species. This might indicate that the similarity of the parasitoid assemblages is due to the similarity of the leafminer compositions or the oak quality. We, however, cannot exclude the possibility that the geography of sampling location has an effect in this case because they were sampled at the single location, the Yata Hills.
Nevertheless, the parasitoid assemblage on Q. serrata may be strongly inßuenced by geographic location. It forms a cluster with the parasitoid assemblages on Q. acutissima and Q. variabilis, although Q. serrata differs in taxonomic position and leafminer composition from Q. acutissima and Q. variabilis. The assemblages on Q. serrata were examined at the location where those on Q. acutissima and Q. variabilis were examined. Thus, the similarity of the assemblage on Q. serrata to those on Q. variabilis and Q. acutissima may be attributable to the sampling location.
Cluster analyses of parasitoid assemblages have been also conducted by Godfray et al. (1995) and Rott and Godfray (2000) . Godfray et al. analyzed parasitoid assemblages associated with British native Phyllonorycter spp. on 12 host food plant species of different genera or families on the basis of the data given by Askew and Shaw (1974) and Shaw and Askew (1976) . They indicated that assemblages on host food trees of the same family did not form an exclusive cluster. This is contrary to the argument presented by Askew and Shaw (1974) that parasitoid assemblages on allied host tree genera are similar in species composition. However, Rott and Godfray (2000) generated a cluster dendrogram of parasitoid assemblages associated with 12 Phyllonorycter spp. on four host food trees in southern England. They analyzed at the level of leafminer species and demonstrated that assemblages on different species of leafminers feeding on the same tree formed a cluster Þrst. Then, they concluded that parasitoid assemblages are inßuenced mostly by host food plants rather than host leafminers as Askew and Shaw (1974) argued.
Thus, we, Godfray et al. (1995) , and Rott and Godfray (2000) reach different conclusions about the importance of host food plants in organizing parasitoid communities. The difference may be attributable to taxonomic levels of host food plants and host leafminers examined. Rott and Godfray (2000) distinguished leafminer species feeding on the same host plant species, whereas we and Godfray et al. (1995) pooled them together. In this study, we examined host plant species of one genus, whereas Godfray et al. (1995) examined those on plants of different genera and families.
Moreover, the difference might be due to local variation. Parasitoid community structure and hostÐ parasitoid interactions often vary from place to place (Hawkins and Mills 1996, Tscharntke et al. 2001 ). For instance, Tscharntke et al. (2001) compared the parasitoid communities associated with chalcid wasps (Tetramesa spp., Eurytomidae) feeding on grasses in Germany and Britain. They showed that the number of parasitoid species per host in Germany is two times as large as that in England, the number of monophagous parasitoid species was similar in both regions, and the number of polyphagous species were signiÞcantly higher in Germany than in Britain. However, they were unable to explain why the parasitoid community structure differs between these two locations.
Guild Structure. Sato (1995) demonstrated that the guild structure associated with Phyllonorycter leafminers on Q. dentata, Q. crispula, Q. acutissima, and Q. variabilis was highly variable although the parasitoid assemblages retained nearly equal proportions of koinobiont/idiobiont species. His results are backed up by the present analyses including Q. aliena and Q. serrata. It is noteworthy that the proportion of idiobiont species (Ϸ67%) is almost the same as that obtained by Askew and Shaw (1986) from the oakÐ Phyllonorycter-parasitoid system in Great Britain. These parasitoid assemblages may be organized with a balance between numbers of koinobiont and idiobiont species regardless of species richness, species composition, or geographic location.
Parasitism. We found that the total rate of parasitism is not inßuenced by the number of parasitoid species in the parasitoid assemblages. Rodrṍguez and Hawkins (2000) also reported no correlation of the two variables in parasitoid assemblages associated with chalcid wasps feeding on grasses. Three reasons could be adduced for this (Hawkins 1994, Rodrṍguez and Hawkins 2000) . First, the parasitoid species do not complimentarily use their hosts; that is, all parasitoids attack every host species, prefer similar host stages, and emerge at the same time of year (cf. Dawah et al. 1995) . Second, the dynamics of the majority of hostÐ parasitoid systems are driven by one or a few parasitoid species. If so, species richness and total parasitism rate will not be directly linked in many host parasitoid systems. Third, the parasitoid assemblages do not exert top-down control on host populations. Host densities are unlikely to be limited by the parasitoids because local and regional parasitoid species richness do not . Effects of (A) the number of host species and (B) the host abundance on the evenness of parasitoid assemblages, E var . The host abundance was represented by the maximum density per 100 leaves in the study year. Abbreviations beside solid circles stand for oaks (see the caption of Fig. 1 ). The data of Q. serrata were excluded when correlation coefÞcients were calculated because of small sample size. strongly correlate and parasitoid species ßuctuate in abundance independently (cf. Dawah et al. 1995) .
The Þrst reason does not apply to the present PhyllonorycterÐparasitoid system. Each of the parasitoid assemblages comprises at least four guilds. This means that parasitoids segregate available hosts across host stages (cf. Sato 1995) .
Also, the second reason would not hold in the present system. Certainly, this system lacks the positive relationship between the species richness and total parasitism rate. However, host populations in this system are unlikely to be driven by one or a few parasitoid species because total rate of parasitism was not signiÞcantly related with the evenness in the assemblage. If the second reason were met, the two variables would strongly correlate. Furthermore, in the assemblage on Q. dentata, the rate of parasitism did not increase with the increase of the dominant species, Cirrospilus lyncus and Pnigalio sp. A.
We consider the third reason to be more plausible. Total rate of parasitism in the assemblages is independent of host abundance, being quite low (11.7Ð29.9%) compared with those in agromyzid leafminerÐparasi-toid communities, where the top-down effect is important for controlling population dynamics of hosts (38.4 Ð 60.7%; Kato 1994) . This suggests that top-down control is not exerted by the PhyllonorycterÐparasitoid system. Fig. 7 . Effects of (A) the number of parasitoid species, (B) the abundance of host leafminers, and (C) the evenness of parasitoid assemblages, E var , on total rate of parasitism. Abbreviations beside solid circles stand for oaks (see the caption of Fig. 1 ). The data of Q. serrata were excluded when correlation coefÞcients were calculated because of small sample size.
